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(54) Shading compensation and halMone Image forming apparatus 

(57) An image forming apparatus is described including a white reference body and an image sensing means 
for scanning the reference body or a document to produce digital^^pixel data. The CPU of the apparatus 
controls the Image sensing means to scan the reference body to produce .analogue image data, converted to 
diQital pixel data by ah AbC. For each pixel, the CPU determines a;shadin§.factor by dividing a predetermmed 
maximum brightness value by the digital pixel data. The CPU also^contfols the image sensing means to scan a 
document to produce analogue image data^ again converted to digital pixel data by the ADC. For each pixel, 
the CPU determines shadin'g-compensated pixel data by multiplying^the digital pixel data by the 
corresponding shading factors. Finally, a halftone image of the scahnea document is produced from the 
shading-compensated pixel^data. 



-♦•5V 



100 



IMAGE 
SENSOR 




SHADn^G 
COMRENSATING 
CIRCUIT 



^106 



CNTl 



(SLCUC) 



IMAGE 
SENSOR 
CONT^ROiL' 
CIRGUrr 

104 



GNT2 



■ "fSFactor 



ADDR 



HALF-TONE 
PROrESSING 
CIRCUIT 


DATA 


^DCLK 


PRU 
U 


^JTING 
NIT 



'114 



CNT3 ^ 


CPU 




110 — 




COTOROt 

cirguit: 



DATA 
kCNT4 



113 — 



DATA^ADDR. 



-lie 



PROGRAM 
MEMORY 



At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy 
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IMAGE FORMING APPARATUS FOR H ALF-TQME RECORDING AND 
SHADING COMPENSATION AND HALF-TONE IMAGE FORMING METHOD 

BACKGROUND OF THE INVENTION 

The present inventrlon relates to an Image forming apparatus 
which is of improved construction that simplifies shading 
compensating operations and half-tone recording. The 
5 present invention also relates to a half-tone image forming 

method. 

Image forming apparatus such as digital photocopying 
machines or facsimile machines are system in which graphic 
material in the fozrm of an original copy is scanned and 

10 converted into an electrical signal to be reproduced on 

paper. Such an image forming apparatus produces a half-tone 
image by scanning a document with a light source. The 
resulting analog Image signal, produced during document 
scanning, is converted into a digital signal by an analog- 

15 to-digital converter (ADC). 

In the conventional technique, the reference voltage of the 
ADC is fixed without consideration of the respective output 
characteristics of the image sensors. Thus, image forming 
apparatus, employing such a half-tone recording method, and 
20 which are mass-produced, may produce printed images with 

different half-tones, and at worst the gradation of images 
becomes unclear. 

To solve this problem, the system described in Korea Patent 
Application No. 93-5325 was proposed. Using this system, 
25 the maximiam amplitude of the image signal, produced by an 

image sensor during half-tone recording, is determined, and 
90 to 95% of this roaximuun image signal (voltage) serves as 
the reference voltage (+Vref ), thus determining the dynamic 
range of the analog- to-digital converter. 
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The above technique requires the ability to control the 
reference voltage, and requires a digital-to-analog 



converter (DAC) to convert: digital signals to corresponding 
analog signals. The presence of the DAC is a complication 
of the Image forming apparatus. 

It is sn objective of the present invention to provide an 
image foiaiiing apparatus which has a less complicated 
construction and performs half-tone recording and shading 
compensation with increased speed. 

gllWMARV OF THE INVENTION 

Accordingly, the present invention provides an image 
forming apparatus comprising a reference body; image 
sensing means for scanning the reference body or a document 
to produce digital pixel data; control means adapted to 
control the image sensing means to scan the reference body 
to produce digital pixel data and, for each pixel, to 
deteriid:ne a shading factor from the digital pixel data and 
a pBede*eniiined brightness value; the control means being 
further adapted to control the image sensing means to scan 
a document to produce digital pixel data and, for each 
pixel, to determine shading-cpmpensated pixel data by 
applying, the Gorresponding shading factor to the digital 
pixel data; and means for producing a half tone image of 
the scanned document from the shading-cpmpensated pixel 
data . 

Preferably, the image sensing means comprises an image 
sensor for producing an analog imag^ signal and an analog- 
to-rdigitaO. converter to convert the analog image signal 
into digital pixel data having a predetermined number of 
bits (m). 

The apparatus may further comprise a shading memory for 
storing the digital pixel data scanned from the reference 
body and the corresponding shading factors. The apparatus 
may further comprise means for printing the said half-tone 
image . 



The present invention also provides a half-tone image 



forming method comprising scanning a reference body to 
produce digital pixel data; for each pixel, determining a 
shading factor from the digital pixel data and a 
predetermined brightness value; scanning a document to 
produce digital pixel data; for each pixel, determining 
shading-compensated pixel data by applying the 
corresponding shading factor to the digital pixel data; and 
producing a half tone image of the scanned document from 
the shading-compensated pixel data* 

Preferably, the digital pixel data are produced by scanning 
the reference body or the document to produce an analog 
image signal; and converting the analog image signal into 
digital image data having a predetermined number of bits 

Preferably, the shading factors are determined by dividing 
the predetermined brightness value by the pixel data. 

The reference body may be white and the predetermined 
brightness value is a maximum brightness value (M). The 
relationship between m and M is, preferably, M » 2* - 1. 

The shading-compensated pixel data may be determined by 
multiplying the digital pixel data by the corresponding 
shading f actors . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described by way of 
example with reference to the accompanying drawings in 
which: 

FIG. 1 is a block diagram of an image forming 
apparatus in accordance with the present invention; and 

FIG. 2 is a flow chart of the control sequence of an 
image forming apparatus in accordance with the present 
invention • 

DETAILED DESCRIPT ION OF THE PREFERRED EMBODIMENT 

As shown in FIG» 1, an image forming apparatus of the 



present invention has an image sensor 100, that scans a 
document to generate an analog image signal Pvout and an 
analog-digital converter, (ADC) 102, which converts signal 
Pvout, from image sensor 100, into digital image data with 
5 a dynamic range determined by reference voltages +vref and 

-Vref . 

The image forming apparatus also has a shading memory 108, 
which is controlled by a central processing unit 110, for 
the purposes of storing the image data from ADC 102 during 

10 dummy scanning, and the shading factors, SFactor, that are 

generated for each pixel. A shading compensating circuit 
106, multiplies the image data, obtained during a real 
scanning operation under the control of the CPU 110, by 
shading factors SFactor, which w-are stored in shading 

15 memory 108, to produce shading-compensated image data. 

A half-tone processing circuit 114, generates a half tone 
image from the real-scanned image data and the output of 
shad3:ng compensating circuit 106 and a printing unit 116 
prints the image processed by half-tone processing circuit 

20 11^* 

image sensor 100 scans a document in response to a first 
control signal CNTl (line synchronizing signal SI, 
syncSRronizing clock CLK), that is generated by an image 
sensor control circuit 104. ADC 102 converts analog image 

25 signal Pvcut to m-bit digital image data, determined by a 

smpl±m clock seiiK produced by image sensor control 
circuit 104. Shading compensation circuit 106 and half-tone 
processing circuit 114, perform the shading compensation 
and the half-tone recording processes, respectively, in 

30 response to a second control signal, CNT2, which is output 

by image sensor control circuit 104. 

The CPU 110 controls the dummy scanning and real scanning 
operations according to a program stored in program memory 
112. The CPU 110 includes a direct memory access (DMA) 
35 control circuit, which directly accesses the image data 
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from ADC 102, generated during duinmy scanning, and stores 
It: In shading memory 108* The CPU 110 applies to shading 
compensating circuit 106, the shading factors SFactors 
corresponding to each pixel that were stored In shading 
5 memory 108 during the real scanning operation, and Inputs 

the Inverse values to half-tone processing circuit 114, so 
as to produce a half-tone Image « The CPU 110 generates a 
fourth control signal CNT4 for printing unit 116 using 
Information from half-tone processing circuit 114. 

10 With reference to FIG. 2, the dummy scanning of the 

Inventive Image forming apparatus will be fully described. 
The CPU 110 produces (S202) a third control signal, CNT3, 
for Image sensor control circuit 104 to start dummy 
scanning, and controls the IMA control circuit, so that 

15 output Image data from ADC 102 Is stored, as shading data, 

by pixel In the least significant address to the most 
significant address of shading memory 108. During the dummy 
scanning mode. Image sensor 100 scans a white panel or 
white roller mounted opposite the Image sensor. 

20 Once dummy scanning has been completed, the CPU 110 copies 

(S204) the shading data, stored In the least significant 
address of shading memory 108, to a temporary register 
(TMP) within shading memory 108. The CPU 110 then divides 
(S206) a preset maximum brightness value by the value of 

25 the shading data, previously stored In TMP, and stores 

(S208) the resultant value as a shading factor In the least 
significant address of shading memory 108, from where the 
shading data was originally read. 

After that, the CPU 110 Increases the address In the 
30 shading memory 108 one by one (S212) and repeats Step 204 

to S206. The CPU 110 then finds the shading factor for 
shading data stored and returns to Step 208 to store the 
shading factor In the corresponding address of shading 
memory 108. The CPU 110 repeats the above operation until 
35 l-t determines (S210), that the shading factors for the 

pixels which constitute a complete line of the Image have 



been determined. I.e. shading data for one line are all 
processed . 

Following the above operation, the shading factors for one 
line of image data are stored in shading memory 108. The 
CPU 110 controls image sensor control clrc\»lt 104 to 
perform a real scanning operation, and image data from ADC 
102 is input to shading compensating circuit 106. The CPU 
110 readd sueeessive shading factors, SFactor, stored in 
the least significant address to the most significant 
address of shading memory 108, and applies them to shading 
compei^atlng circuit 106. Shading compensating circuit 106 
multiplies the value of the image data from ADC 102, by the 
corresponding shading factor in shading memory 108, to 
produce shading-compensated image data. 

Half-tone processing circuit 114, produces a half-tone, 
littage using output image data from shading compensating, 
circuit 106, and an inverse value provided by the CPU 110. 
Printing unit 116, prints the half-tone image on paper. 

If ADC 102 converifes an analog image signal, Pvout, into 
digital image data in the fqrm of 6 -bit pixels, image 
sensor control circuit 104 applies a 6-bit sampling clock, 
SCLK, to ADC 102 under the control of the CPU 110. The CPU 
110 sets the maximum brightness value to 63io (» 2*-l), to 
determine shading factors for each pixel, and sends a 
series of inverse values such as 2, 6, 10, 14, 16, — , 54, 
58, 62 to the half-tone processing circuit 114. 

The image forming circuit of the present invention requires 
only a simple circuit to provide a reference voltage for 
the ADC. The present invention determines shading factors 
for each pixel by dividing the preset maximum brightness 
value by each pixel value, stored in shading memory, and 
thus reduces the time it takes to perform the shading 
compensation operation. 
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!• An linage forming apparatus comprising: 
a reference body; 

image sensing means for scanning the reference body or 
a document to produce digital pixel data; 

control means adapted to control the image sensing 
means to scan the reference body to produce digital pixel 
data and, for each pixel, to determine a shading factor 
from the digital pixel data and a predetermined brightness 
value; 

the control means being further adapted to control the 
image sensing means to scan a document to produce digital 
pixel data and, for each pixel, to determine shading- 
compensated pixel data by applying the corresponding 
shading factor to the digital pixel data; and 

means for producing a half tone image of the scanned 
document from the shadlng-comipensated pixel data* 

2. Apparatus according to claim 1 in which the image 
sensing means comprises an image sensor for producing an 
analog image signal and an analog-to-digital converter to 
convert the analog image signal into digital pixel data 
having a predetermined number of bits (m)« 

3. Apparatus according to claim 1 or claim 2 further 
comprising a shading memory for storing the digital pixel 
data scanned from the reference body and the corresponding 
shading factors* 

4. Apparatus according to any preceding claim in which 
the control means Is adapted to determine the shading 
factors by dividing a predetermined brightness value by the 
digital pixel data* 

5. Apparatus according to any preceding claim in which 
the reference body is white and the predetermined 
brightness value is a maximum brightness value (M). 
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6. Apparatus according to claim 2 in which the reference 
body is white and the predetermined brightness value is a 
maximtim brightness value (M) and the relationship between 
m and M is: 

M = 2- - 1. 

7. Apparatus according to any preceding claim in which 
the control means is adapted to determine the shading- 
compensated pixel data by multiplying the digital pixel 
data by the corresponding shading factors* 

8. Apparatus according to any preceding claim, further 
comprising means for printing the said half-tone image. 

9. An Image forming apparatus substantially as described 
with reference to and/or as lllust-rated In t^he accompanying 
drawings . 

10. A half-tone image forming method comprising: 
scanning a reference body to produce digital pixel 

data; 

for ea[ch pixel, determining a shading factor from the 
digital pixel data and a predetermlnisd brighlmess value; 

scanning a document to produce digital pixel data; 

for each pixel, determining shading-compensated pixel 
data by applying the corresponding shading factor to the 
digital pixel data; and 

producing a half tone Image of the scanned document 
from the shading-compensated pixel data. 

11. A method according to claim 10 in which the digital 
pixel data are produced by: 

scanning the reference body or the document to produce 
an analog image sigp^al; and 

converting the analog image signal into digital image 
data having a predetermined number of bits (m). 

12. A method according to claim 10 or claim 11 in which 
the shading factors are determined by dividing the 



i 



9 

predetermined brightness value by the pixel data. 

13. A method according to any one of claims 10-12 in which 
the reference body is white and the predetermined 
brightness value is a maximum brightness value (M). 

5 14. A method according to claim 11 in which the reference 

body is white and the predetermined brightness value is a 
maximum brightness value (M) and the relationship between 
m and M is: 

M = 2" - 1. 

10 15. A method according to any one of claims 10-14 in which 

the shading factors are stored in a memory. 

16. A method according to any one of claims 10-15 in which 
the shading-compensated pixel data is determined by 
multiplying the digital pixel data by the corresponding 

15 shading factors. 

17. A half-tone image forming method substantially as 
described with reference to and/or as illustrated in the 
accompanying drawings. 
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